We describe and compare the tadpoles of nine Leptodactylodon species from Cameroon. The tadpoles of Leptodactylodon bicolor, L. mertensi, L. ovatus, L. perreti and L. ventrimarmoratus are herein reinvestigated, partly based on larger series than previously available. In addition we present first descriptions for the tadpoles of L. boulengeri, L. erythrogaster, L. ornatus, and L. cf. polyacanthus. The morphology of these exotrophic, lotic and neustonic tadpoles is discussed in comparison with other stream-dwelling tadpoles. Based on the assumed biology of these tadpoles, living in interstices of gravel or debris, the functioning of several special morphological features, in particular the funnel-mouth of Leptodactylodon tadpoles, are interpreted.
Introduction
Western Central Africa is particularly rich in anuran taxa, and Egg Frogs, Leptodactylodon Andersson, 1903, are endemic to this region (Amiet 1980) . Leptodactylodon is distributed from eastern-most Nigeria, through Cameroon, south to Gabon and Equatorial Guinea, reaching the highest diversity in western Cameroon (Schiøtz 1963; Amiet 1971a Amiet , c, 1980 Ohler 1999; Amiet & Dowsett-Lemaire 2000; Frétey & Blanc 2000; Rödel & Pauwels 2003;  Fig. 1 ). The genus currently comprises 15 species, three with several subspecies (Frost 2013) . Most Leptodactylodon species live in forests at specific altitudes, ranging from lowland to more than 2000 m, and only at higher altitudes does the genus partly occur outside forest (see e.g. Cruz et al. 2013) . Adult Leptodactylodon species almost always live well concealed between stones, leaf litter or roots, on the edges of small to medium sized streams (e.g. Amiet & Schiøtz 1973; Amiet 1980 Amiet , 1989 Amiet & Dowsett-Lemaire 2000; Fig. 2) . Descriptions of their larvae are available for six of the 15 species, namely Leptodactylodon axillaris, L. bicolor, L. mertensi, L. ovatus, L. perreti and L. ventrimarmoratus (see Channing et al. 2012) . However, for only three of these: L. axillaris (Cruz et al. 2013) , L. perreti (Cruz et al. 2013) and L. ventrimarmoratus (Amiet 1970) , have detailed descriptions been published. As adults of the genus are usually more difficult to catch than larvae (e.g. Amiet 1972; Cruz et al. 2013 ; personal experience of the authors), surveying or monitoring the presence of the respective species would profit from the knowledge of the tadpoles. Herein we present comparative tadpole descriptions of nine taxa, all collected between 2010 and 2012 in Cameroon. 
Material and methods
Sampling. Field surveys were carried out in Cameroon in 2010 and 2011 on and near Mount Manengouba by M. F. Grözinger (Nov. 2010 to Oct. 2011) , near Fotabong and Mount Kala by M.F. Barej, H.C. Liedtke and N.L. Gonwouo (Oct. -Nov. 2011 ), the Ebo forest by M. Dahmen, M. F. Grözinger (Jan. 2011, Jul.-Oct. 2011 ) and the Emfveh-mi forest, Mount Oku by T.M. Doherty-Bone (Sep. 2012) . For locality positions see Figure 1 and Appendix 1. Tadpoles were caught either by hand or with dip nets. They were anaesthetized in either a tricaine methane sulphonate (MS222, Thomson & Joseph Ltd), chlorobutanol or benzocaine solution. For the purpose of molecular analysis a piece of tail muscle was cut off and preserved in ethanol (99%) from at least one individual for each set of morphologically distinct tadpoles from every locality. The remaining tadpoles were then fixed in formalin (8%) and later transferred into ethanol (75%).
Determination. Species identity of the tadpoles was verified by DNA-barcoding, i.e. comparing 16S ribosomal RNA sequences from tadpoles to known adults (Fig. 3) . For molecular procedures applied see Hirschfeld et al. (2012) and for GenBank accession numbers see Appendix 1. Nearly all tadpoles could be unambiguously assigned to a known species (genetic divergence 0-1.5% to respective adults; Tab. 1). A single genotyped tadpole from Fotabong had no match to an adult specimen (minimum distance to other species tested: 7.3%). Past surveys indicate the occurrence of three Leptodactylodon species in Fotabong (Amiet 1980; own unpubl. data) for two of which sequence data is available (L. bicolor and L. boulengeri), therefore this Fotabong Leptodactylodon tadpole was tentatively assigned to the third species, L. polyacanthus, from which we had no adult frog tissue available for comparison.
FIGURE 2. Habitats of Leptodactylodon tadpoles; a: small forest fragment behind Manengouba-Village, habitat of L. mertensi and L. ornatus ornatus, Mt. Manengouba, N4°57'12.6" E9°51'33.36", 1093 m; b: mountainous forest, habitat of L. erythrogaster, Mt. Manengouba, N4°57'12.6" E9°51'33.36", 2100 m; c: strongly degraded farmbush area, habitat of L. bicolor, Mt. Manengouba, near Pola N5°3'27.78" E9°50'8.88", 1742 m; d: small forest fragment between farms, habitat of L. mertensi, Mt. Manengouba, near Nkack, N5°0'46.5" E9°46'5.82", 1372 m. The tadpoles were caught hiding under stones in river parts with little current.
Character assessment. All morphological measurements and drawings were carried out by one person (L.M.). Measurements were taken with a dissecting microscope (lengths of 0.1-12 mm) or a digital caliper (lengths over 12 mm). Summary of measurements or ratios for several individuals are usually given as: mean ( ) ± standard deviation (sd); or as range (N= sample size ≤ 3). The following measurements were taken: TL (total length), BL (body length), TAL (total tail length), BH (body height at the point of the spiracle insertion), BW (maximum body width), TMW (tail muscle width, at the tail base), TMH (maximum tail muscle height), VFH (maximum height of ventral fin), FDH (maximum height of dorsal fin), TTH (total tail height), ED (horizontal eye diameter), IOD (inter-orbital distance), IND (inter-narial distance), RN (nostril-snout distance), EN (eye-nostril distance), ES (eye-snout distance), ODW (oral disc width), MW (mouth width) and SSD (snout-spiracle distance). The following relationships were calculated: BH/BL, BW/BH, ED/BL, IND/IOD, BH/TTH, TMH/TTH, SSD/BL, ODW/BL and MW/ODW. The relation of body length to total length was generally not measurable in genotyped vouchers, as fin tips have been removed for tissue samples (see above).
All Leptodactylodon tadpoles lack the presence of any labial teeth rows (keratodonts). Description of the mouth-parts thus concentrates on the shape of jaw sheaths and the large lower (posterior) lips, including particular papillae, which are positioned on these lips. Both upper and lower jaws are more massive (larger) than illustrated and in life, partly covered by skin. Jaw sheaths have been drawn as seen in intact specimens. In most preserved x tadpoles a lateral line system was visible. We based the nomenclature of these lines on the definitions provided by Lannoo (1987) . As the lateral line system was identical between all examined species, we excluded it from the tadpole descriptions and instead provide a summary of present lines at the end of the results section. Descriptions of coloration in life were based on photos of living tadpoles (when available).
For better morphological comparison we aimed to select tadpoles from developmental stages 25-26 (Gosner 1960) for genotyping and descriptions. However, for some taxa only tadpoles in other stages were available. Illustrations of genotyped representatives of each taxon were prepared with the help of a camera lucida mounted on a dissecting microscope. Drawings were scanned, processed with Adobe Illustrator CS2 Version 12.0.1 and traced with the graphic tablet Intuos2 from WACOM. The digital paintings were printed in A3 and shaded with a black, 0.1 mm fine liner. Every single tadpole of a species series was compared to the representative drawings and the drawings were adjusted to accommodate morphological variations. Drawings therefore do not represent a particular individual, but an integrated illustration of genotyped individuals, complemented by intact tails from non-genotyped individuals when necessary (tail tip used for barcoding; see Strauß et al. 2010 for respective approach). Schematic sketches were made from the mouthparts and jaw sheaths of genotyped tadpoles and again compared to the rest of the species series. In the descriptions we include our data plus information from the literature when this deviated from our observations.
Tadpole descriptions
Leptodactylodon bicolor Amiet, 1971 We examined nine tadpoles from several sites on Mount Manengouba and the South-West Province of Cameroon: ZMB 78452 (four tadpoles, Gosner stages 25-26, Ebonemin, 5°1'27.6"N, 9°45'53.2"E, 1417 m, 15 August 2011); ZMB 78453 (one tadpole, Gosner stage 26, Nkikoh, 5°5'26.34"N, 9°48'24.36"E, 1319 m, 5 December 2010 ; ZMB 78457 (one tadpole Gosner stage 25, Pola, 5°3'26.6"N, 9°50'10.2"E, 1788 m, 20 October 2011); ZMB 78458 (two tadpoles, Gosner stages 25-26, Pola, 5°3'27.9"N, 9°49'39"E, 1719 m, 20 October 2011); ZMB 78461 (one tadpole, Gosner stage 35, Fotabong, 5°28'46.44"N, 9°55'53.22"E, 1221 m, 1 November 2011 . The tadpoles were all found in small to medium-sized streams with farmbush vegetation on river banks (Fig. 2) . They inhabited slowflowing parts of fast flowing streams with rapids in 1221-1788 m
The description of L. bicolor is predominantely based on three (ZMB 78452, 78453, 78458) genotyped individuals of Gosner stage 26. Body length/total length ratio and description of tail tips was based on nongenotyped specimens of the same developmental stage.
Morphology. Long slender tadpole with narrow and long muscular tail; body elliptical in dorsal view, slightly depressed in lateral view (Fig. 4a, b) ; body shape in lateral view either slightly convex, extending level of tail axis (Fig. 4a) or flat, in line with tail axis (Channing et al. 2012) ; body length 28.1 ± 2.1% (N= 7) of total length; body height 42.6 ± 4.2% (N= 3) of body length; body width 54.0 ± 4.3% (N= 3) of body length; maximum body width on the level of spiracle insertion; snout nearly rounded to truncate in dorsal view; nostrils oval, positioned laterally, opening slightly pointed ventrally; nostrils equidistant from eye and snout tip; eye diameter 13.1 ± 1.8% (N= 3) of body length; inter-orbital distance slightly exceeds inter-nostril distance; tail fins narrow; dorsal fin originating posterior to tail base (1.7 ± 0.3 mm; N= 3; Fig. 102 in Channing et al. 2012 and ZMB 78461: at level with tail base), equal to slightly deeper than ventral fin, reaching deepest point at about mid-tail, fin edge almost parallel to tail axis; ventral fin originating on level with tail base, narrow and almost parallel to tail axis; tail axis muscular, only slowly converging towards tail tip; tail tip rounded; body height 78.1-100% (N= 3; flatter individuals possibly due to preservation artifact) of total tail height; maximum height of tail axis 62.5-75.0% (N= 3) of total tail height; vent tube dextral; lateral sacs present, extending from spiracle to end of body, covering lower two thirds of flanks; short spiracle, sinistral, translucent, opening lateral, not visible in dorsal view, originating slightly posterior to midbody; mouth opening frontal; labial tooth formula 0/0; both jaw sheaths fully keratinized and of narrow almost rectangular shape; upper jaw distinctly serrated, serrations uniform; lower jaw U-shaped, serrated, lateral pair of caniniform projections ("fangs"; Fig. 4d ), median part with six to seven needle-like cusps (Channing et al. 2012: 8) ; three distinct serrations abaxial to fangs; large almost semicircular posterior lip covered with 20 papillae; papillae symmetrically arranged along body axis; most papillae arranged in two semicircular rows, one near the lower jaw sheath, the second closer to posterior margin of lower lip (Fig. 4c) ; almost straight skin fold on lower lip, just posterior to lower jaw sheath; oral disc width 33.9-45.4% (N= 3) of body length; mouth width 22.2-33.3% (N= 3) of oral disc width.
The largest tadpole at Gosner stage 25 (ZMB 78462) measured 48.8 mm total length (body length: 11.9 mm; tail length: 38.9 mm). The most developed individual (ZMB 78461, Gosner stage 35) measured 45.6 mm total length (body length: 12.8 mm; tail length: 32.8 mm). Amiet (1980) reports tailed metamorphs measuring 13.5 mm SVL.
Coloration in preservation. Dorsal body parts and tail axis irregularly speckled dark brown on brown ground; mottling on tail axis strong, less pattern towards tail tip; anterior part of tail with longitudinal black line; ventrum clearer with very little dark speckling; dorsal fin brownish with darker spots or translucent; ventral fin predominantly translucent cream-white with few darker spots.
Coloration in life. Light brown with dark brown speckling, some dots being lighter; venter light grayishreddish; dark intestinal loops shining through skin; some individuals with cream-white snout.
Leptodactylodon boulengeri Nieden, 1910
We examined sixteen individuals collected near Fotabong and on Mount Manengouba: ZMB 78466 (one tadpole, Gosner stage 25, Manengouba village, 4°58'23.76"N, 9°52'31.8"E, 1290 m, 21 November 2010 ; ZMB 78469-71 (two tadpoles, Gosner stages 36 & 40, respectively; one tadpole Gosner stage not assessable; five tadpoles, Gosner stage 25; Fotabong, 5°28'36.12"N, 9°55'25.08"E, 1272 m, 3 November 2011 ; ZMB 78476 (seven tadpoles, Gosner stage 25-37, Fotabong, 5°28'38.88"N 9°55'24.48"E, 1267 m, 2 November 2011 . All tadpoles of L. boulengeri were found on soaked sandy soil along small rivers or buried in sandy ground of these rivers in mid altitude (1267-1290 m), the sand being only covered by a very thin film of water.
The description is based on four genotyped tadpoles (ZMB 78466, 78470, 78471, 78476) at Gosner stage 25. Body length/total length ratio, maximum tail length and height; as well as description of tail tip was based on nongenotyped specimens of the same developmental stage. Morphology. Long slender tadpole with narrow and long muscular tail; body elongate, elliptical in dorsal and depressed in lateral view (Fig. 5a, b) ; body length 29.9 ± 2.0% (N= 10) of total length; body height 40.6 ± 7.5% (N= 4) of body length; body width 52.2 ± 3.8% (N= 4) of body length; maximum body width on level of spiracle insertion; snout nearly rounded to truncate in dorsal view; nostrils oval, situated laterally; nostrils equidistant from eye and snout tip; eye diameter 8.3 ± 2.7% (N= 4) of body length; inter-orbital distance equals inter-nostril distance (inter-orbital distance of ZMB 78470 slightly exceeds inter-nostril distance); tail fins narrow; dorsal fin originating 0.3-1.0 mm (N= 3) anterior to tail base, narrow, reaching maximum depth after about first quarter, as high or only slightly deeper as ventral fin; ventral fin narrow, originates on level with tail base, almost parallel to tail axis; tail tip pointed; tail axis slender, edges almost parallel towards tail tip; body height 97.4-98.5 (N= 2) of total tail height; maximum height of tail axis 57.7 ± 2.7% (N= 5) of total tail height; vent tube dextral; lateral sacs present, extending from spiracle to end of body, covering lower two thirds of flanks; short sinister spiracle, translucent, opening lateral, not visible in dorsal view, originating at app. mid-body; mouth opening frontal; labial tooth row formula 0/0; both jaw sheaths fully keratinized and of narrow almost rectangular shape; upper jaw distinctly serrated, serrations almost uniform, slightly larger serration towards edges; lower jaw flat U-shaped, distinctly serrated with a lateral pair of caniniform projections (fangs), median part with six to seven needle-like cusps (Fig.  5d) ; one distinct serration abaxial to fangs; large semicircular posterior lip covered with 18 papillae; papillae symmetrically arranged along body axis; most papillae arranged in two semicircular rows, one near the lower jaw sheath, the second closer to posterior margin of lower lip (Fig. 5c) ; distinct short skin fold on lower lip, just posterior to lower jaw sheath; oral disc width 35.5-48.5% (N= 3) of body length; mouth width 23.1-31.8% (N= 3) of oral disc width.
The largest tadpole at Gosner stage 25 (ZMB 78471) measured 24.4 mm total length (body length: 7.7 mm; tail length: 16.7 mm). The most advanced/developed individual (ZMB 78476, Gosner stage 37) measured 52.1 mm (body length. 14.1 mm; tail length: 38.0 mm). The smallest juveniles reported by Amiet (1980) measured 16-19 mm SVL.
Coloration in preservation. Pale brown; dorsal parts of body and tail with irregular dark speckling; lower part of body and tail paler; anterior part of tail with longitudinal black line (not visible in life); only few dark spots on venter and on the last third of ventral tail fin; dorsal fin with dark spots, fins otherwise translucent cream-white.
Coloration in life (Fig. 6 ). Pale brown with dark brown speckles, some of them lighter brown; funnel dark, almost black; tail axis with whitish-blue spots; ventral fin with yellow spots; tail tip almost white; venter with light reddish coloration; some individuals with cream-white snout (like some L. bicolor and L. ventrimarmoratus). 
Leptodactylodon erythrogaster Amiet, 1971
We examined 11 tadpoles that all originated from Mount Manengouba: ZMB 78479 (one tadpole, Gosner stage 25, Caldera, 5°1'50.5"N, 9°48'38. The description is based on two genotyped tadpoles (ZMB 78481-82) at Gosner stage 25. Body length/total length ratio and description of tail tips was based on non-genotyped specimens of the same developmental stage.
Morphology. Long slender tadpole with narrow and long muscular tail; body elliptical in dorsal and depressed in lateral view (Fig. 7a, b) ; body length 28.8 ± 1.7% (N= 8) of total length; body height 39.6-46.5% (N= 2) of body length; body width 50.0-57.4% (N= 2) of body length; maximum body width on level of spiracle insertion; snout nearly rounded in dorsal view; nostrils oval and situated laterally; nostrils equidistant from eye and snout tip; eye diameter 8.3-11.9% (N= 2) of body length; inter-orbital distance slightly exceeds inter-nostril distance; tail fins narrow; dorsal fin originates slightly anterior (1.1 mm in ZMB 78481) or posterior (0.2 mm in ZMB 78482) to tail base, reaching deepest point at mid-tail or posterior to it, almost as deep or slightly narrower than ventral fin; narrow ventral fin originates at level of tail base, runs almost parallel to tail axis, reaches deepest point slightly anterior to tail tip; tail tip rounded; tail axis broad and muscular; body height 90.5-94.0% (N= 2) of total tail height; maximum height of tail axis 61.9-62.0% (N= 2) of maximum tail height; vent tube dextral; lateral sacs present, extending from spiracle to end of body, covering lower two thirds of flanks; short sinister spiracle, translucent, opening lateral, not visible in dorsal view, originating slightly posterior to mid-body; mouth opening frontal; labial tooth row formula 0/0; both jaw sheaths fully keratinized; upper jaw of narrow almost rectangular shape, distinctly and uniformly serrated; lower jaw more massive, depressed U-shaped; distinctly serrated, with a lateral pair of caniniform projections (fangs), median part with four to seven needle-like cusps (Fig. 7d) ; two distinct serrations abaxial to fangs; posterior lip large and semicircular to kidney shaped, covered with 20 papillae; arrangement of papillae symmetrical along vertical body axis; papillae arranged in two semicircular rows (Fig. 7c) ; short almost straight skin fold on lower lip, just posterior to lower jaw sheath; oral disc width 31.3-51.5% (N= 2) of body length; mouth width 18.0-25.0 (N= 2) of oral disc width.
The largest tadpole at Gosner stage 25 (ZMB 78481) measured 40.7 mm total length (body length: 11.2 mm; tail length: 29.5 mm). The most developed individual (ZMB 78483, Gosner stage 36) had a body length of 13.2 mm (tail incomplete). Amiet (1980) measured metamorphs, still possessing 2-18 mm tails, with 13.5-15 mm SVL.
Coloration in preservation. Pale brown, dark brown mottling irregularly spread over dorsal body parts and tail; snout may be darker or lighter in some individuals; tail axis with black line in anterior two thirds; ventral parts and last fourth of ventral fin with some darker speckling; dorsal fins darker spotted, otherwise translucent creamwhite. (Fig. 2) .
The description is based on ten genotyped tadpoles 78511, 78513, 78515) at Gosner stage 25. Body length/total length ratio and description of tail tips was based on non-genotyped specimens of the same developmental stage. Morphology. Long but robust tadpole with long tail and very broad muscular tail axis; body elliptical in dorsal and robust and pointed in lateral view (Fig. 8a, b) ; body length 28.3 ± 2.4% (N= 31) of total length; body height 42.2 ± 3.9% (N= 10) of body length; body width 54.0 ± 4.2% (N= 10) of body length, maximum body width on level of spiracle insertion; snout truncate to nearly rounded in dorsal view; nostrils oval and situated laterally; nostrils equidistant from eye and snout tip; eye diameter 12.7 ± 0.9% (N= 10) of body length; inter-orbital distance slightly smaller than inter-nostril; tail fins narrow; dorsal fin mostly originating posterior to tail base (exceptionally fin insertions at or slightly anterior to tail base were observed); narrow dorsal fins, reaching deepest point posterior to mid-tail, slightly deeper than ventral fin; ventral fin originates at level with tail base, runs almost parallel to tail axis; tail tip rounded; tail axis very broad and muscular in dorsal and lateral view; body height 91.0 ± 4.1% (N= 10) of total tail height; maximum height of tail axis 69.1 ± 5.9% (N= 9) of maximum tail height; vent tube dextral; lateral sacs present, extending from spiracle to end of body, covering lower two thirds of flanks; short sinister spiracle, translucent, opening lateral, not visible in dorsal view, originating at mid-body; mouth opening frontal; labial tooth row formula 0/0; both jaw sheaths completely keratinized; upper jaw narrow, almost rectangular, slightly bent, distinctly and uniformly serrated; lower jaw U-shaped, distinctly serrated with a lateral pair of caniniform projections (fangs), median part with six to seven needle-like cusps ( Fig. 8d ; Channing et al. 2012: 8) ; two distinct serrations abaxial to fangs; posterior lip huge semicircular to oval bean shaped, covered with 21 papillae (Channing et al. 2012: 20) ; arrangement of papillae symmetric to vertical body axis; papillae arranged in two semicircular rows (Fig. 8c) ; straight to semicircular skin fold on lower lip, just posterior to lower jaw sheath; oral disc width 34.0 ± 2.6% (N= 10) of body length; mouth width 26.2 ± 3.2% (N= 10) of oral disc width.
The Coloration in preservation. Pale brown body and tail; dorsal parts of body and entire tail axis heavily mottled with little dark spots; ventral parts lighter; fins with very few dark markings, translucent cream white; some individuals with cream-white snout.
Leptodactylodon ornatus ornatus Amiet, 1971
Two L. ornatus ornatus tadpoles were found on Mount Manengouba: ZMB 78502 (two tadpoles, Gosner stages 25 & 32, Ebonemin, 5°1'6.2"N, 9°46'16.8"E, 1447 m, 9 October 2011). The two individuals were found in a small river surrounded by farmbush vegetation at 1447 m (Fig. 2) .
The description is based on the genotyped individual (ZMB 78502) at Gosner stage 32. Body length/total length ratio and description of tail tips was based on the non-genotyped specimen.
Morphology. Long slender tadpole with narrow and long muscular tail; body elliptical to almost parallel in dorsal and depressed in lateral view (Fig. 9a, b) ; body length 26.0% of total length; body height 44.6% of body length; body width 56.2% of body length; maximum body width on level of spiracle insertion; snout truncate in dorsal view; nostrils nearly rounded, situated lateroventrally; nostrils equidistant from eye and snout tip; eye diameter 13.1% of body length; inter-orbital distance slightly exceeds inter-nostril distance; tail fins narrow; dorsal fin originating posterior (5.7 mm) to tail base, slightly deeper than ventral fin, reaching deepest point slightly posterior to mid-tail; ventral fin narrow, originates on level with tail base, reaches deepest point near tail tip; tail tip rounded; tail axis broad and muscular; body height 82.9% of total tail height; maximum height of tail axis 61.4% of total tail height; vent tube dextral; lateral sacs present, extending from spiracle to end of body, covering lower two thirds of flanks; short sinister spiracle, translucent, opening lateral, not visible in dorsal view, originating slightly posterior to mid-body; mouth opening frontal; labial tooth formula 0/0; both jaw sheaths completely keratinized; upper jaw sheath distinctly and strongly serrated, narrow, almost rectangular, edges with large, caniniform projections; lower jaw distinctly but less serrated, more massive than upper jaw, slightly bent, a lateral pair of caniniform projections, median part without needle-like cusps (Fig. 9d) ; four distinct serrations abaxial to fangs; posterior lip large and broad bilobate, covered with 21 large and numerous small papillae; small papillae arranged along edge of the lower lip; large papillae arranged in two semicircular rows (Fig. 9c) ; short, straight to depressed w-shaped skin fold on lower lip, just posterior to lower jaw sheath; oral disc width 41.5% of body length; mouth width 37.0% of oral disc width.
The tadpole at Gosner stage 25 measured 45.7 mm total length (body length: 11.9 mm; tail length: 33.8 mm). The more developed individual (Gosner stage 32) had a body length of 13.0 mm (tail incomplete). Amiet (1980) gives the size of three metamorphs as 14-16 mm.
Coloration in preservation. Light to dark brown; dorsal parts of body and in particular tail axis mottled with larger dark dots and densely covered with smaller dark speckles, lighter towards tail tip; anterior half of tail axis with median, longitudinal dark line; venter lighter; dorsal fin and posterior-most part of ventral fin mottled with dark spots, otherwise, particularly anterior part of ventral tail fin translucent cream-white. Morphology. Long slender tadpole with narrow and long muscular tail; body depressed in lateral and elliptical in dorsal view (Fig. 10a, b) ; body length 28.3 ± 0.6% (N= 4) of total length; body height 43.1-43.9.0% (N= 2) of body length; body width 52.9-55.3% (N= 2) of body length; maximum body width on level of spiracle insertion; snout truncate in dorsal view; nostrils oval, situated laterally; nostrils equidistant from eye and snout tip; eye diameter 11.1-11.4% (N= 2) of body length; inter-orbital distance almost equals inter-nostril distance; tail fins narrow; dorsal fin originates distinctly posterior to the tail base, broader than ventral fin, reaching deepest point in last third of tail; ventral fin narrow, originates at level of tail base, runs almost parallel to tail axis, deepest point close to tail tip (Channing et al. 2012 illustrate the tadpole with a very narrow dorsal fin, originating at about 25% of the tail, the ventral fin being distinctly deeper than the dorsal one); tail tip pointed to rounded; tail axis broad, converges in last third towards tail tip; vent tube dextral; lateral sacs present, extending from spiracle to end of body, covering lower two thirds of flanks; short sinister spiracle, translucent, opening lateral, not visible in dorsal view, originating slightly posterior to mid-body; mouth opening frontal; labial tooth row formula 0/0; both jaw sheaths completely keratinized, serrated and with a lateral pair of caniniform projections (fangs); median part of lower jaw with six to seven needle-like cusps (Fig. 10d) ; one distinct serration abaxial to fangs; upper jaw sheath narrow and almost straight; lower jaw sheath heavier, slightly bent, serration more pronounced; semicircular to bilobate posterior lip, covered with 20 large papillae (Channing et al. 2012: 18) and numerous small papillae; arrangement of large papillae symmetric along vertical body axis, arranged in two semicircular rows; small papillae arranged along edge of posterior lip (Fig. 10c) ; short, straight to depressed w-shaped skin fold on lower lip, just posterior to lower jaw sheath; oral disc width 41.8 ± 7.1% (N= 4) of body length; mouth width 24.5 ± 4.6% (N= 4) of oral disc width.
The largest known individual (ZMB 78534, Gosner stage 25) measured 51.3 mm (body length. 14.3 mm; tail length: 37.0 mm). The most developed tadpole had a body length of 13.4 mm (ZMB 78540, Gosner stage 37, tail incomplete). Amiet (1980) reports a juvenile with 17 mm body length, still having a 10 mm tail. Coloration in preservation. Dark brown body and tail, densely and irregularly mottled with dark brown spots; some individuals lighter colored; venter slightly lighter; tail fins mottled, dorsal one brownish with dark spots, ventral fin translucent with few spots.
Leptodactylodon perreti Amiet, 1971
Three tadpoles of L. perreti were examined and genotyped. All were found on Mount Oku in the Emfveh-mi forest, near Elak. ZMB 79084-86 (Gosner stages 25, 35, 37, respectively; Mount Oku, 6°13'42.4"N, 10°31'17.4"E, 2269 m, 23 August and 2 September 2012). Tadpoles were collected in a stream in montane forest, ca. 300 m from the farm-forest boundary. The description is based on all three tadpoles.
Morphology. Long and slender tadpoles with long, muscular tail; body elliptical in dorsal and narrow elliptical lateral view (see Fig. 3 in Cruz et al. 2013) ; body length 36.2-39.3% (N= 3) of total length; body width 47.2-57.9% (N= 3) of body length; body widest at level of spiracle; snout rounded in dorsal view; nostrils oval and situated lateroventrally; nostrils equidistant from eye and snout tip (closer to eye Cruz et al. 2013) ; eye diameter 11.7-12.4% (N= 3) of body length; inter-orbital distance slightly exceeds inter-nostril distance; tail fins narrow; narrow dorsal fin originates distinctly posterior to tail base (3.1-3.5 mm), running almost parallel to muscular tail axis; ventral fin originates at tail base, only slightly narrower than dorsal fin, runs parallel to tail axis; tail tip roundish to slightly pointed; tail axis broad, continuously converging towards tail tip; body height equal to or slightly less than total tail height; maximum height of tail axis 67.2-70.7% (N= 3) of total tail height; vent tube dextral; lateral sacs present, extending from spiracle to end of body, covering lower two thirds of flanks; short spiracle, sinistral, translucent, opening lateral, not visible in dorsal view, originating slightly anterior (N= 1) or posterior (N= 2) of mid-body; mouth opening frontal; labial tooth row formula 0/0; both jaw sheath completely keratinized, serrated, almost straight and narrow; two small caniniform projections (fangs) towards edges of lower sheath; lower jaw slightly bent; median part of lower jaw with indistinct needle-like cusps ( Fig. 11b ; Channing et al. 2012: 8) ; four distinct serrations abaxial to fangs; broad semicircular posterior lip covered with 21 large papillae ( Fig. 11a ; Channing et al. 2012: 30) ; arrangement of papillae symmetrical to vertical body axis; papillae arranged in two semicircular rows; short, very depressed w-shaped skin fold on lower lip, just posterior to lower jaw sheath; oral disc width 29.8-33.3% (N= 3) of body length; mouth width 22.2-28.6% (N= 2) of oral disc width. ZMB 79084 (Gosner stage 25) had a total length of 38.3 mm (body length: 10.8 mm; tail length: 27.5 mm). Our most advanced tadpole (ZMB 79086, Gosner stage 37) measured 48.2 mm total length (body length: 12.8 mm; tail length: 35.4 mm). Cruz et al. (2013) report total lengths of 45.1 and 51.6 mm in Gosner stage 25 tadpoles. Metamorphs with completely resorbed tails measure 15.5-17.5 mm SVL (Amiet 1980) . Coloration in preservation. Pale to deep dark brown dorsal parts of body and tail, dense irregular dark mottling; venter slightly lighter; fins with irregular dark mottling, more pronounced in dorsal parts, otherwise translucent cream-white; fins lighter than in other species. Leptodactylodon cf. polyacanthus punctiventris Amiet, 1971 Three tadpoles from Fotabong were tentatively assigned to L. polyacanthus punctiventris based on known amphibian assemblages from that area (e.g. Amiet 1980) . One specimen was genotyped: ZMB 78551 (three tadpoles, Gosner stage 25, Fotabong, 5°28'54"N, 9°55'26.58"E, 1197 m, 1 November 2011 . The tadpoles were collected from shallow, sandy streams at 1997 m.
The description is based on the genotyped individual (Gosner stage 25) . Body length/total length ratio and description of tail tips was based on non-genotyped specimens of the same developmental stage.
Morphology. Long and slender tadpole with long, muscular tail (non-genotyped tadpoles not as slender as drawn in Fig. 12a, b) ; body elliptical in dorsal and depressed in lateral view; body length 27.5-29.3% (N= 2) of total length; body height 37.2% of body length, body width 46.3% of body length, maximum body width on level of spiracle insertion; snout nearly rounded in dorsal view; nostrils oval and situated laterally; nostrils equidistant from eye and snout tip; eye diameter 9.9% of body length; inter-orbital distance equals inter-nostril distance; tail fins narrow, dorsal fin originating 4.6 mm anterior to tail base, reaching deepest point in first third of tail, slightly deeper than ventral fin; ventral fin originates at tail base, runs parallel to tail axis; tail tip rounded to slightly pointed; tail axis broad, continuously converging towards tail tip; maximum height of tail axis 57.0-60.5% (N= 2) of total tail height; vent tube dextral; lateral sacs present, extending from spiracle to end of body, covering lower two thirds of flanks; very short spiracle, sinistral, translucent, opening lateral, not visible in dorsal view, originating at mid-body; mouth opening frontal; labial tooth row formula 0/0; both jaw sheaths completely keratinized, strongly serrated, each with lateral pair of caniniform projections (fangs); median part of lower jaw with six to seven needle-like cusps (Fig. 12d) ; three distinct serrations abaxial to fangs; upper jaw narrow and long, lower jaw shorter; large, broad bilobate posterior lip covered with 21 large papillae (Fig. 12c) ; papillae arranged symmetrically along in vertical body axis; papillae arranged in two semicircular rows; almost straight skin fold on lower lip, just posterior to lower jaw sheath; oral disc width 39.7% of body length; mouth width 25.0% of oral disc width.
The two individuals with intact tails (both Gosner stage 25) had total lengths of 39.6 and 43.6 mm, respectively (body length: 11.6 & 12.0 mm; tail length: 28.0 & 31.6 mm). Metamorphs measure about 14 mm SVL (Amiet 1980) . Coloration in preservation. Body and tail light brown, mottled with bigger and smaller dark spots and speckles on dorsal part of body and tail; anterior half of tail axis with median, longitudinal dark line (not visible in life); venter lighter with fewer dark patterns; fins translucent cream-white.
Coloration in life. Light brown with light to dark brown speckles; dark line from snout tip to anterior corner of eye; anterior part of tail axis with white spots, posterior part with black dots; fins light with dark spots, posterior part almost white; venter lighter (Fig. 6) . The description is based on three genotyped individuals (ZMB 78552, 78553, 78554) at Gosner stage 25. Body length/total length ratio and description of tail tips was based on non-genotyped specimens of the same developmental stage.
Morphology. Long and slender tadpole with long, muscular tail; body elliptical to almost parallel in dorsal and depressed long ovoid in lateral view (Fig. 13a, b) ; body length 30.8 ± 2.5% (N= 12) of total length; body height 29.9-48.2% of body length (high value probably a preservation artifact; Amiet 1970 reports the body length to be 1.7 to 2 times the body widths); body width 48.2-56.1% of body length; snout truncate in dorsal view; nostrils oval and situated laterally; nostrils equidistant from eye and snout tip; eye diameter 10.5-12.3% of body length; interorbital distance equal to inter-nostril distance; tail fins narrow; dorsal fin originating (1.3-2.5 mm, N= 3) anterior to tail base, narrow, reaching deepest point at or posterior to mid-tail, slightly deeper or as deep as ventral fin; ventral fin originating at tail base, parallel to tail axis to about mid-tail, then broader (Amiet 1970 reports the dorsal fin originating distinctly posterior to tail base and a more robust tail axis); tail tip rounded to slightly pointed; tail axis broad, continuously converging towards tail tip; body height 96.6% of total tail height; maximum height of tail axis 64.9% of total tail height; vent tube dextral; lateral sacs present, extending from spiracle to end of body, covering lower two thirds of flanks; short spiracle, sinistral, translucent, opening directed lateral, not visible in dorsal view, originating at mid-body; mouth opening frontal; labial tooth row formula 0/0; both jaw sheath completely keratinized, serrated, with a lateral pair of caniniform projections (fangs); upper jaw almost straight; lower jaw Ushaped, median part of lower jaw edge with six to seven needle-like cusps (Fig. 13d) ; two distinct serrations abaxial to fangs; posterior lip large and broadly bilobate, covered with 21 large papillae and numerous small papillae; large papillae arranged symmetrical and in two semicircular rows along vertical body axis; small papillae along edge of lower lip (Fig. 13c) ; depressed w-shaped skin fold on lower lip, just posterior to lower jaw sheath; oral disc width 34.7-57.9% of body length (lower value due to preservation artifact, lip not completely enfolded); mouth width 24.2-32.6% of oral disc width (see above). Amiet (1970) reports that a total length of 60 mm may be reached. Metamorphs measure 17-21 mm (Amiet 1980) . Coloration in preservation. Dorsal parts of body and tail light brown, densely and irregularly covered with dark dots; anterior half of tail axis with median, longitudinal dark line; pattern on tail changes towards tail tip, anterior part of tail axis and dorsal tail fin heavily covered with midsized dark dots; then dots get smaller but denser; overall posterior third of tail tip lighter but more densely dotted; anterior third of ventral fin translucent cream-white; venter lighter and with fewer dark patterns.
Coloration in life. Light brown with many minute dark brown dots; snout brown or yellowish (Figs. 6, 14) ; dark line from snout tip to anterior corner of eye; funnel light brown to almost yellow; density of dark dots on tail axis decreasing towards tail tip; anterior third of tail axis with dark longitudinal line; fins very light, almost white, dorsal part with dark patterning; venter lighter; intestines shining through skin (Fig. 15) . According to Amiet (1970) a greyish beige color with brown pattern on dorsal parts, the snout sometimes ochre, the lateral sacs are green in life (not differently colored in our specimens (Figs. 6, 14, 15) . Tadpoles' lateral line system of investigated Leptodactylodon species. As far as visible (depending on the preservation state of individuals) all examined Leptodactylodon tadpoles showed the following lateral lines (definitions sensu Lannoo 1987; compare also Fig. 11 in Amiet 1970 and Figs. in Cruz et al. 2013): Supraorbital, posteriororbital, dorsal, middle, ventral, longitudinal oral and angular lines present; angular line connected to posterior infraorbital line; second angular line running dorsal to spiracle, merging into middle line; middle line originating dorsal to lateral sacs, turns upward posteriorly and connects to dorsal line; supraorbital line s-shaped.
Discussion
So far, tadpole descriptions of six Leptodactylodon species have been published (Amiet 1970; Channing et al. 2012; Cruz et al. 2013) . Tadpoles of L. bicolor, L. mertensi, L. ovatus, L. perreti and L. ventrimarmoratus have been reinvestigated here, partly based on larger series than previously available. For these species our investigations confirm the former descriptions (some minor differences in morphological details were noted, see the respective species accounts). In addition we present first descriptions for the tadpoles of L. boulengeri, L. erythrogaster, L. ornatus, and L. cf. polyacanthus. These data contribute to our overall understanding of the tadpole morphology within this genus and provide information on species-specific differences (Tab. 2). Following the characterization of Altig & Johnston (1989) and Altig & McDiarmid (1999a) all Leptodactylodon tadpoles, so far known, are exotrophic, lotic and neustonic. They have elongated bodies, oval to elliptic in dorsal, and elliptic to slightly depressed in lateral view, and long, narrow, muscular tails. The flanks carry lateral sacs, like some other arthroleptid tadpoles , although less conspicuous than in Astylosternus (Channing et al. 2012; Rödel et al. 2012) or Nyctibates (Amiet 1971b; Channing et al. 2012) . The tail length usually exceeds the body length by factor of 2 or more. The tail fins are narrow and the tail tips rounded to slightly pointed. The oral apparatus is frontal and umbelliform, the upper labium absent, the large lower labium beset with larger and smaller papillae but lacking both, labial tooth rows and papillae on labial margins.
Judging from the position of Leptodactylodon and other arthroleptid genera in the phylogeny of Frost et al. (2006) , the ancestor of the Arthroleptidae likely had tadpoles with tooth rows. This would be in accordance with Altig (2006) , who regards the reduction of the upper lip and labial tooth rows as a derived feature, and in fact a short skin fold on the lower lip, just posterior to the lower jaw sheath, might indicate the position of a labial tooth row in the ancestors of Leptodactylodon (see mouth part figures in this paper; Altig & McDiarmid 1999a) . Reducing labial tooth rows, but developing large lips with papillae also seems to be a tendency in some other stream dwelling tadpoles for the subgenus Ochthomantis within Mantidactylus).
In Leptodactylodon, submarginal papillae are scattered across the large oval to bilobate lower lips, always comprising larger and sometimes smaller papillae (compare Amiet 1970; Channing et al. 2012; Cruz et al. 2013) . The latter are arranged close to the lip margins. The eyes are lateral, the vent dextral, the spiracle is in sinistral position and very short. The jaws are fully keratinized, serrated and mostly long and narrow. Lower jaw sheaths are more robust than upper ones. The lower and/or upper jaw sheaths may carry caniniform projections (fangs). Due to these projections on each side of both jaw sheaths the mouthparts look "vampire-like" in Leptodactylodon ornatus ornatus, L. ovatus orientalis, L. cf. polyacanthus punctiventris and L. ventrimarmoratus (however, different to the oophagous "vampire-tadpoles" from the tree-hole breeding Rhacophorus vampyrus; Rowley et al. 2012) . In other taxa these tooth-like projections are restricted to the lower jaw (L. bicolor, L. boulengeri, L. erythrogaster, L. mertensi and L. perreti), or are completely missing (L. axillaris, Cruz et al. 2013) . The latter species also seems to have a more robust lower jaw (Cruz et al. 2013 ) than other species of the genus. Amiet (1980) mentioned that these jaw sheaths maybe suitable to distinguish tadpoles of different Leptodactylodon species.
The function of the fangs is unknown. It has been suggested that these structures are analogs to mammalian canines, hence used for catching and holding prey (Altig & Johnston 1989) . Similar to almost all other tadpole species (Altig et al. 2007) , very little is known about the food sources consumed by Leptodactylodon tadpoles. The only data available so far is from Amiet (1970) who examined the gut contents of L. ventrimarmoratus. In contrast to the interpretation in Channing et al. (2012) , who stated tadpoles might feed on dead conspecifics, Amiet (1970) reports that his tadpoles never fed on dead tadpoles. Other tadpole species likewise remained intact, when kept together with the Leptodactylodon tadpoles. In the tadpoles' guts Amiet (1970) discovered an indistinguishable mass, rarely vegetable matter and micro-arthropods, in one case half a dozen springtails (Collembola). In addition to the presence or absence of the dorsal and ventral fangs, jaw sheaths also showed differences with regard to the serration, i.e. the presence or absence of needle-like prolongations on the lower jaw edge (compare Amiet 1970; Cruz et al. 2013) . The mouths of Leptodactylodon tadpoles never close completely and consequently, water can continuously flow through (Channing et al. 2012) . These needle-like cusps, thus could potentially function like a sieve when the tadpoles forage through debris in their interstitial habitats (compare Altig & McDiarmid 1999b and see below) .
Particular species-specific differences also existed in the position of the dorsal fin insertion, which can be anterior, at and posterior to the tail base, and the number and size of papillae on the lower lip. The color pattern was very similar between species although some showed different color morphs, i.e. tadpoles with or without bright colored snout tips. Only L. ventrimarmoratus tadpoles possessed a distinctly deviating pattern on the tail. Based on adult male morphological characters provided in Amiet's (1980) genus revision, Ohler (1999) Amiet (1970) , Channing et al. (2012) , and Cruz et al. (2013) . *= species group affiliation according to Ohler (1999) , based on characters provided in Amiet (1980) . Dorsal fin insertion: < = anterior to tail base; ≤ = anterior or at tail base; = at tail base; ≥ = at tail base or posterior to it; > = posterior to tail base; <> = individuals with tail insertion anterior and posterior to tail base observed; parallel (dorsal fin progression) = edge of dorsal fin ± parallel to tail axis; "needles" refers to serrations longer and more slender than the majority of serrations on jaw; fangs = caniniform projections on jaw sheath; § = no fangs; for other definitions of morphological characters compare text. The tadpoles of all Leptodactylodon species have an almost identical lateral line system, matching the conditions of the line system of mid-water suspension feeders (Lannoo 1987 body with a long and muscular tail axis, relatively narrow fins, as well as eyes and nostrils positioned laterally, Leptodactylodon tadpoles show all typical characters of bottom-dwelling lotic tadpoles (Altig & Johnston 1989) . The lateral line system may indicate that Leptodactylodon tadpoles, although inhabiting fast flowing water, in fact prefer almost stagnant microhabitats within these streams. So far, all tadpoles of this genus have been collected from minute to mid-sized forest and montane rivers. Here they can usually be captured in-between pebbles, rocks or debris. One of the most peculiar characteristics of the tadpoles in this genus is their umbelliform mouthparts ( Fig. 15 ; Amiet 1970) . Similar arranged lower lip morphology (covered with papillae and reduced or absent labial tooth rows) has been described from various, non-related stream/pond tadpoles, including representatives of the genera Megophrys, Xenophrys (Megophryidae; Altig & Johnston 1989; Wang et al. 2012) , Phasmahyla (Hylidae; Altig et al. 2007) , Mantidactylus (subgenus Chonomantis; Mantellidae; Grosjean et al. 2011) and Silverstoneia (Dendrobatidae; Grant & Myers 2013) . Umbelliform oral apparatus or funnel-mouths, are generally hypothesized to be used in microphagous filter-feeding from the surface tension (e.g. Smith 1926; Inger et al. 1986; Hoff et al. 1999; Altig et al. 2007; Grosjean et al. 2011; Strauß et al. 2013) . However, there is evidence that this might not hold true, at least in some tadpole species.
For instance, Amiet (1970) never observed Leptodactylodon tadpoles feeding, neither during day nor during the night. Our observations that tadpoles live in relatively stagnant parts of the streams under stones, in between sand and gravel or below debris agree with those of Amiet (1970) . Neither he nor we ever observed these tadpoles surfacing and "feeding" from the surface in situ. Amiet (1970) thus speculated that the pumping movements of the funnel mouth at the water surface might merely be breathing. It seems possible that this "surface-feeding" (tadpole floating vertically with mouthparts in contact with water surface) is simply an artifact of tadpoles breathing in containers with stagnant water. These containers may not contain sufficient oxygen (compare Fig. 15 ) in contrast to their relatively cool, flowing and oxygenated natural habitats (Amiet 1970) . This interpretation is supported by observations on Malagasy Chonomantis tadpoles, which morphologically are most similar to Leptodactylodon. Grosjean et al. (2011) also reported that these tadpoles only rarely leave their hiding places and hypothesize that surfacing is only necessary to acquire gulps of air. We thus believe that Leptodactylodon tadpoles, living in interstices of gravel or debris, are ecologically more similar to tadpoles like Leptobrachella baluensis and Leptolalax arayai, which seem to feed with their cup-like expanded lips (Malkmus 1999) , within their substrate. This is in contrast to Megophrys tadpoles that appear to feed from the water surface (Malkmus et al. 2002) . Leptodactylodon tadpoles seem well adapted to an interstitial microhabitat, not only by their long and narrow body, but Amiet (1970) reports that these larvae have specialized movement. Amiet (1970) noted Leptodactylodon tadpoles can move backwards quickly and thus exhibit a very unique and specialized movement pattern, which is certainly advantageous when traversing narrow and unstable cavities. Future observations are necessary to clarify the biology and ecology of these highly-specialized and increasingly threatened stream-dwelling tadpoles.
